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Abstract
While risks to the hearing of professional musicians were part of several studies in recent years, little attention was paid to the 
sound pressure exposure faced by amateur musicians. Thus, around 500,000 amateur musicians in Germany are hardly aware of 
the risks of high sound pressure levels during regular rehearsals or concerts. With the aim to raise the awareness of the musicians 
to take possible protective measures into account, e.g., use of personal hearing protectors or less loud performances, several 
sound immission measurements were carried out during the rehearsals of a non-professionally acting symphonic wind orchestra. 
Furthermore, in order to determine potential hearing threshold shifts, audiometric measurements were performed. In addition to
the objective evaluation, the musicians were asked about their personal feelings during the rehearsals, about their knowledge on 
possible risks to the hearing and on appropriate protection means.The results show that all members of non-professionally acting 
orchestrascan be exposed to sound pressure levels up to 117 dB(A). With an average rehearsal duration of 2 h, these exposures
resulted in equivalent continuous sound pressure levels above 92 dB(A). Additionally, substantial temporary hearing threshold 
shifts could be monitored after the rehearsals. The evaluation of the subjective survey showed that most of the musicians were 
not aware of the actual sound pressure levels during the rehearsals, and the associated hearing risk.Similar is true for the 
necessity of the hearing protection deviceswhich were mainly refused.
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1. Introduction
Music is generally perceived as pleasant but sometimes music,to be fully effective,needs to be loud [1]. 
Especially orchestral music has become louder over the past centuries. To be properly prepared for playing on the 
biggest concert stages, the instruments construction is developed in such a way that they are suitable for larger 
premises and stages. Modern instruments are designed to manage and perform higher sound pressure levels than the 
previous ones. Thus, tinnitus, hyperacusis, distortion problems [2,3,4] but also temporary hearing threshold shifts 
(TTS) canoccur at musicians, which can affect their work more severely than a hearing loss [2]. 
Even though, the restitution of temporary hearing threshold shifts is completed after a few hours of restin most 
cases, all sound exposures are summed up by the body in the course of its life [1]. However,there is still a
disagreement about the fact how harmful high sound pressure levels for the musicians in the orchestra are. 
Researchers have studied the sound exposure of classical musicians for more than 40 years, and they still do not 
agree if the measured peak sound pressure levels in symphony orchestras are as harmful as industrial noise of the 
same energy [5,6,7]. In comparative studies of different sound exposures, classical music was associated with the 
least severe temporary hearing threshold shifts of less than 10 dB which disappeared rather quickly [8]. The
substantially lower physiological costs while hearing classical music apparently indicate a decisive influence of the 
type of sound exposures [9]. According to [10] current studies are also less clear in terms of actually monitored 
hearing impairments based on audiometric examinations, although several studies have assessed hearing threshold 
shifts of musicians as well [3,4,11]. 
In other studies e.g. [12,13] sound pressure levels were registered during rehearsals and concerts as well as 
private lessons which – according to the Noise and Vibrations Occupational Safety and Health Ordinance [14] –
exceeded the lower (80 dB(A) respectively 135 dB(C)) and upper exposure action values (85 dB(A) respectively 137 
dB(C)) of the daily noise exposure level LEX,8hand the peak sound pressure level LpC,peak. When exceeding the lower 
exposure action values, the employer shall provide suitable individual hearing protection and is also obligated to 
inform and instruct the employees who are entitled to carry out preventive audiometric testing. If one of the upper 
exposure action values are exceeded, the noise area must be marked and a noise reduction program must be created. 
The employees are also obliged to wear personal hearing protectors and, furthermore, have a claim on occupational 
health examinations. According to the Directive 2003/10/EC [15] immediate measures are taken if the daily noise 
exposure level exceeds the limit of 87 dB.Therefore, professional musicians, whose number could be quantified in 
Germany in 2009 to approximately 120,000 [16], should also experience protection against high noise levels, either 
by technical (e.g., improvement of the acoustic absorption in the room, soundproof walls), organizational (e.g., 
rostering arrangements, changing of the orchestra stage plan) or personal measures (e.g., hearing 
protectors)[17,18,19]. 
More than 500,000 non-professional musicians in Germany, who are naturally not considered by the above-
mentioned regulations, are hardly aware of the risks of high sound exposures during regular rehearsals or concerts. 
This problem becomes even more pressing through the fact that rehearsals take place at premises that are suitable for 
the size of the orchestraquite rare. Moreover, limited space between the musicians reduces the distance between the 
ears of one musician and the instrument of the musician sitting next to him/her, which leads to an increased exposure
level – triggered by increased direct sound [20]. Although amateur musicians do not reach the weekly amount of 
time, professional musicians playing their instruments, are often additionally exposed to high sound levels, e.g., from 
their professional environment, which can lead to hearing impairments in the long run. Therefore, it was the aim of 
the study to get knowledge about the sound pressure levels amateur musicians are generally exposed to. 
Furthermore, the musicians acting for pleasure rather than for financial gainshould be informed about potential risks 
to the hearing and preventive measures.
2. Methods
The objective of the study was a symphonic amateur wind orchestra which rehearses several times a week and 
performs regularly at concerts. Symphonic wind orchestras usually have a large cast of over 50 musicians and are 
characterized by a wide range of soundscape, due to the interaction of many different instruments, such as trumpets, 
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trombones, clarinets, saxophones and several horns. In order to develop the desired tonal characteristics and to meet 
the demands of a critical audience, regular rehearsals are necessary. 
Initially, this study must be seen as a pilot project. Therefore, only a total of ten sound pressure level 
measurements were carried out during the rehearsals so far. The sound level meter XL2 by NTi Audio was used as 
measurement device which exceeded – in conjunction with the appropriate microphone – the accuracy class 1 of 
IEC 61672-1 [21]. Attempts were made, to take several impact factors into account during the sound measurements.
Thus, not only the position of the sound level meter was varied in order to detect all different groups of instruments, 
also measurements in different rehearsal premises were carried out.
In order to determine potential hearing threshold shifts, audiometric measurements were carried out prior to and 
after the rehearsals on those musicians who are located at positions in the orchestra where the highest sound 
exposures were reached or on those with the loudest instruments. Thus, pure-tone audiometry was performedon six 
musicians aged between 16 and 33 years 30 minutesprior to and ten minutes after the rehearsals, respectively. For 
details on audiometry see [22].
In addition to the objective measurements, a subjective evaluation was carried out by means of a questionnaire 
comprising 18 items. Besides the general information about the musicians such as age, gender, job and potential pre-
existing hearing impairments, the musicians were asked about their personal feelings regarding the sound exposures 
during the rehearsals arising from their own instrument and the instrument of the musician sitting next to him/her. 
Furthermore, the musicians were asked whether the reached sound levels in the orchestra were experienced as noise 
which might even cause discomfort. In the final part of the questionnaire, the musicians should indicate whether 
they are even aware of potential risks of hearing impairments while playing in the wind orchestra and whether they 
have been thinking about appropriate means of protection. In addition, reasons were mentioned 
why,unfortunately,the easiest way of protection, namely the wearing of individual hearing protectors, is often not 
applied.
3. Results of the objective and subjective evaluation
Table 1 shows the measurement values registered during the 10 rehearsals, containing information about the 
location, the measuring points, and the duration of the rehearsal as well as the different sound levels. 
Table 1.Overview of the registered sound pressure levels during the rehearsals.
Location Measuring Point Duration LAFmax LAeq LpC,peak
Guesthouse Bass Clarinet 01:37:01 h 117 dB(A) 98 dB(A) 142 dB(A)
Guesthouse 1. Trumpet 00:43:54 h 111 dB(A) 97 dB(A) 132 dB(A)
Gallery Bass Clarinet 01:43:32 h 110 dB(A) 95 dB(A) 123 dB(A)
Gallery 1. Clarinet 01:47:32 h 107 dB(A) 92 dB(A) 125 dB(A)
Gallery 1. Flute 01:49:32 h 108 dB(A) 95 dB(A) 131 dB(A)
Guesthouse 1. Horn 02:19:42 h 111 dB(A) 96 dB(A) 126 dB(A)
Guesthouse Alto Saxophone 02:11:43 h 110 dB(A) 94 dB(A) 129 dB(A)
Guesthouse 3. Clarinet 01:40:30 h 107 dB(A) 93 dB(A) 126 dB(A)
Concert-stage 1. Trumpet 02:30:59 h 102 dB(A) 96 dB(A) 132 dB(A)
Concert-stage Alto Saxophone 02:34:48 h 110 dB(A) 96 dB(A) 130 dB(A)
LAFmax describes the maximum A-weighted sound pressure level with a “Fast” time constant recorded over the 
period stated. LAFmax is often used as a measure of the most obtrusive facet of the noise, even though it may only 
occur for a very short time and is the level of the maximum Root Mean Square reading. LAeq is defined as the 
notional steady sound pressure level which, over a stated period of time, would contain the same amount of 
acoustical energy as the A-weighted fluctuating sound exposure measured over that period (cp. DIN 45641 [23]). 
The C-weighted peak immission sound pressure level LpC,peak corresponds to the absolute peak value of the sound 
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pressure of a sound event and serves as a measure of the mechanical hearing load caused by a single sound event 
[24].
It can be seen that in each rehearsal a maximum A-weighted sound pressure level LAFmax of at least 107 dB(A) 
was achieved at the ear of the respective musician. Considering the peak sound pressure level LpC,peak, generally 
more than 120 dB(C) were recorded in each rehearsal. During the first measurement even a LpC,peak of 142 dB(C) 
was registered at the ear of the musician who played the bass clarinet directly in front of the drums. The determined 
equivalent continuous sound pressure level LAeq also takes alarming values of more than 90 dB(A) for all 
measurements. A more detailed temporal analysis of the detected sound pressure levels shows, on the one hand, that 
the musicians were exposed to loud music for at least half of the time of the rehearsal. On the other hand, sound 
pressure values of 100 dB(A) were reached or even exceeded in an average of 20% of the exposure time.
Even if the term of the daily noise exposure level LEX,8h is not defined for activities in the leisure sector, it is 
worthwhile to exemplarily convert the registered sound pressure levels in LEX,8h. Assuming that no further 
exposures are present in an "eight-hour shift", the daily noise exposure level shown in Fig. 1 would result. The 
sample calculation shows that according to theNoise and Vibrations Occupational Safety and Health Ordinance [14]
both the lower and the upper exposure action level even were exceeded considerably with values of up to 91 
dB(A)in most cases.
In order to identify possible noise areas in the wind orchestra, sound pressure level measurements were carried 
out at various positions during the rehearsals. As illustrated in Figure 2, a noise topography could be created based 
on the average equivalent continuous sound pressure level LAeq. 
Fig. 1.Calculated daily noise exposure levels LEX,8h with identification of the lower and upper exposure action value [14] as well as the exposure 
limit value [15].
Fig. 2. Sound exposure topography of the symphonic amateur wind orchestra (based on the various measurements given in Table 1).
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Fig. 3.Results of the audiometric measurements for an 18-year-old drummer (upper part) and a 22-year-old trumpeter (lower part) prior to and 
after the 2 hours rehearsal.
As can be seen, the highest levels were registered directly in front of the trumpets, particularly at the position of 
the woodwind players, such as bass clarinet, bassoon and baritone saxophone. Also hornists and trombonists are 
exposed to high levels. The hornists are probably affected by their own registers and the trombonists decisively by 
the drums which cause very high sound levels. Therefore, the drummers endanger not only themselves but also the 
trumpeters, whose heads are usually only a few centimeters away from the cymbal, the kettledrums or the 
glockenspiel. The saxophonists, flutists and trombonists are exposed to high LAeq levels of 96 dB(A), too. The 
lowest equivalent continuous levels with values of 92 dB(A) were measured in the front area of the orchestra, close 
to the E-flat clarinet, the piccolo flute, the oboe and the conductor. This is probably due to their distance to the 
loudest instruments and a partial sound absorption by the musicians sitting in the sound field. The same is probably 
true for the 2nd and 3rd clarinets, whose LAeq is just one dB(A) higher. Tubists and tenor horn players sitting on the 
periphery of the orchestra, therefore, are mostly affected by sound pressure levels caused by their own instruments.
Figure 3 shows the hearing threshold of an 18-year-old drummer (upper part) and of a 22-year-old trumpeter 
(lower part). The examined drummer played the snare drum during the two hours rehearsal. The concert cymbal was 
positioned in a short distance to his right ear.
In the blue hearing curve, i.e., the curve, which was recorded prior to the rehearsal, a sharp decrease of up to 20 
dB is visible in the high frequency area for the 18-year-old subject in both ears. After the rehearsal a hearing 
threshold shift of 5 dB – compared to the initial value – could be registered in the area between 125 Hz and 1.5 kHz. 
At higher frequencies (above 2 kHz) even a somewhat stronger hearing threshold shift with a maximum of 10 dB 
was measured on the left ear. On the right ear – especially at frequencies above 2 kHz – the threshold shift was 
significantly higher with a maximum of 20 dB at 6 kHz. Thus, in this frequency area the examined drummer listens 
at least 20 dBless well than prior to the rehearsal. Overall, he barely could experience sound with a volume of 30 dB 
here.
In the lower part of Figure 3 it can be seen that the trumpeter exhibits a very good hearing prior to the rehearsal in 
his right ear (blue curve). After the rehearsal (red curve) threshold shifts are observed in both ears. On the right ear a 
maximum of 10 dB was measured at frequencies of 250 Hz and 6 kHz. Clearly increased threshold shifts could be 
registered on the left ear with values of 10 dB for the entire area of low and mid frequencies – except to 125 Hz –, 
and compared to the original state with values of also 20 dB in the area of 6 to 8 kHz. Again, the proximity to the 
concert cymbals which are played only a few centimeters behind the left ear of the examined trumpeter, constitute a 
cause for the serious shift in the area of high frequencies.
Figure 4 shows the distribution of age and gender of the 56 interviewed musicians of the symphonic wind 
orchestra. At the time of the survey the musicians were aged between 14 to 64 years, with the major part accounted 
for the age group of 14-24 years. Furthermore, the orchestra comprised more male than female musicians.
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Fig. 4. Distribution of age and gender of the amateur wind orchestra.
Part (a) of Figure 5 shows the relative frequencies of the weekly playing time of the instrument. 41% of the 
musicians play music up to 10 h a week. 6% of the musicians even rehearse more than 10 up to even 30h a week. As 
can be seen from graph (b) of Figure 5, most of the 56 musicians assessed playing in the wind ensemble as probably 
not harmful for the hearing, although as many as 79% of the respondents had experienced hearing impairments 
earlier (not shown here). However, for one fifth of the musicians the position in the orchestra plays an important role 
in this context. Taking the registered equivalent soundpressure level of more than 92 dB(A) during the rehearsals 
into account, it seems that the musicians are not really aware of the high levels that prevail on almost any seating 
position, and the potential hearing risks. Only 7% of the respondents assessed playing music in the wind ensemble 
as harmful for the hearing. Due to this result it is remarkable that, after all, already 45% of the musicians have at 
least thought about wearing hearing protectors, although this was implemented by only 27% once before (cp. part
(c) and (d) of Figure 5). At present, only four of the interviewed musicians wear hearing protectors while playing 
music.
4. Discussion
The results show that even in orchestras playing music for pleasure rather than for financial gain, sound pressure 
levels can be achieved, which are quite similar to those of professional ensembles. Thus, in almost every rehearsal, 
levels above 110 dB(A) were registered, which correspond with the noise emission of a jackhammer at a distance of 
10 m [25]. 
The high levels lead to the – in some cases substantial – exceedance of the upper exposure action values of the 
Noise and Vibrations Occupational Safety and Health Ordinance [14] not only for the daily noise exposure 
levelLEX,8h of 85 dB (A), but also for the peak sound pressure level LpC,peak of 137 dB(C). With an average LpC,peak
of 130 dB(C), the peak sound pressure values for brass players of 115 dB(C) measured by the Federal Institute for
Fig. 5.Results of the subjective assessments: playing time of the instruments (a), assessment of potential hearing risks (b), use of hearing 
protection devices (c, d).
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Occupational Safety and Health [26] were also widely exceeded. Therefore, a clear hearing risk exists for all 
musicians and the conductor of a non-professional wind ensemble. With daily noise exposure levels above 85 
dB(A), therefore, the musicians are located in an exposure area during their leisure time. While in the professional 
sector this sound pressure level would have led to applying of a corresponding catalog of protection measures, these 
measures are not binding for the responsible persons and the musicians in the amateur sector. However, the 
implementation of protective measures, such as dividing walls between the musicians or the covering of ceilings and 
walls with reflectors or absorbers – usually entailing high costs – is not realistic in the case of amateur music 
orchestras, which usually do not receive great financial support. But the use of hearing protectors or the less 
powerful and, therefore, at least during the rehearsals quieter interpretation of various compositions should be taken 
into consideration.
According to the audiometry analysis, it can be observed that temporary hearing threshold shifts could be 
detected in the examined musicians immediately after the rehearsals. Thereby, the characteristic of the threshold 
shift seems to be dependent on the proximity to strenuous high frequency sound sources and their different degrees 
of directional sound propagation. Due to the fact that no soundproof room was available, it should be noted that the 
audiometric measurements were carried out under non-ideal conditions. Therefore, low-level ambient noise could 
not be avoided. Despite the not controlled measurement conditions, there is a tendency, that after a correspondingly 
long rehearsal of the wind orchestra, clearly detectable threshold shifts occur, which can have negative impacts on 
the hearing at least in the long run. Therefore, the amateur musicians should provide sufficient time to recovery for 
their hearing after rehearsals and concerts. In the subjective evaluation, however, it could be established that to some 
extent the musicians are also affected by high sound pressure levels in their daily work. Rest periods, which are 
urgently needed for the regeneration of the hearing and the restitution of potential temporary threshold shifts (TTS), 
could often not be guaranteed. A problem occurs, however, when the restitution cannot be completed totally prior to 
the next exposure, and when marginal threshold shifts will be summed up over months and years. In the worst case, 
permanent threshold shifts (PTS) can be the result. For details see [27].
The evaluation of the survey showed that most of the 56 musicians were not aware of a potential hearing risk and 
the achieved sound pressure levels during the rehearsals. Due to the fact that currently 52 musicians permanently 
remain unprotected in a sound area for up to 3 hours, which can lead to hearing impairments in the long run, there is 
a cause for concern. However, there are reasons for this negative behavior. A conventional hearing protector leads to 
major changes in the musicians’ perception of sound and to difficulties in controlling the volume of its own 
instrument [18]. Theoretically, an improvement can be achieved by using professional hearing protection
devices.However, due to the occlusion of the ear canal, this leads to an increased perception of bone conduction 
while playing music. This effect is considered as the main obstacle while playing music with ear protection, and is 
especially problematic for the brass section [19]. 
Another particularity which become obvious as a result of the questionnaire is the fact that more than half of the 
musicians of the amateur orchestra were younger than 25 years. This is significant because due to frequent sound 
exposures, a slowly and insidiously hearing impairment can adjust in young musicians. This impairment may be 
further increased with advancing age by the natural age-related hearing loss. Therefore, communication with the 
social environment may not be longer possible without restrictions. Thus, as already required by [28] educational 
measures should be implemented to raise especially younger musician’s awareness for the risks of hearing 
impairments arising from noisy leisure activities (e.g. playing music, listening to loud music via headphones).
5. Conclusions
x Only a small part of the active musicians in Germany is protected by appropriate laws and regulations of the risks 
of high sound pressures.
x Sound pressure levels above 92 dB(A) could be determined in each rehearsal as well as at every position in an 
amateur orchestra. These levels are quite similar to those of professional ensembles.
x Due to the duration of the rehearsal of up to three hours, daily noise exposure levels of more than 85 dB(A) 
result, which means that the upper exposure action value [12] is exceeded. However, the limit of 85 dB(A) only 
applies for the protection of employees against actual or potential risks to their health and safety through noise at 
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their workplace. For leisure time activities, these limits are not legally binding and, therefore, no measures must 
be taken. 
x After the rehearsals, temporary hearing threshold shifts were detected which are quite obvious especially in the 
high-frequency area with values of 20 dB.
x Due to lack of information, especially many young amateur musicians are hardly aware of the risks of loud 
music. Protective measures, such as e.g. the wearing of hearing protectors are mostly refused.
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